A Gram-staining-negative, yellow-colony-forming, rod-shaped, non-flagellated and facultatively aerobic strain, designed HRA130-1 T , was isolated from a deep-sea polymetallic nodule from the Pacific Clarion-Clipperton Fracture Zone (CCFZ).
The genus Polaribacter, a member of the family Flavobacteriaceae was first described [1] for three psychrophilic gasvacuolate bacteria isolated from polar sea ice and water. At the time of writing, the genus Polaribacter comprised 15 species: Polaribacter filamentus (type species) [1] from surface seawater of the Arctic; Polaribacter irgensii [1] from the Antarctica; Polaribacter franzmannii [1] from ice core of the Antarctica; Polaribacter glomeratus [1, 2] , Polaribacter butkevichii [3] , Polaribacter marinivivus [4] , Polaribacter dokdonensis [5] and Polaribacter gangjinensis [6] from seawater; Polaribacter atrinae [7] from the intestine of a comb pen shell; Polaribacter sejongensis [8] from Antarctic soil; Polaribacter reichenbachii [9] from the common Pacific green alga Ulva fenestrata; Polaribacter undariae [10] from a brown alga reservoir in South Sea in South Korea; Polaribacter vadi [11] from a marine gastropod, the granulated dogwhelk (Thais luteostoma); Polaribacter huanghezhanensis [12] from marine sediment of Kongsfjorden; and Polaribacter porphyrae [13] from marine red alga. In this study, a novel bacterial strain, designated HRA130-1 T was isolated from a deep-sea polymetallic nodule from the Pacific Clarion-Clipperton Fracture Zone (CCFZ) in the eastern equatorial Pacific Ocean. The aim of the present study was to determine the exact taxonomic position of strain HRA130-1 T by using a polyphasic approach.
A deep-sea polymetallic nodule was collected from the Pacific Clarion-Clipperton Fracture Zone (CCFZ) at station PRZ1302 MC12 (10 29¢ N 154 49¢ W) during China's 29th Ocean Expedition in September 2013. The cultivation of micro-organisms was carried out using a modified gelmicrobead (GMD) cultivation method [14, 15] . Individual microcolony-forming GMDs were selected by flow cytometry and then sorted into 96-well microtitre plates filled with marine R2A broth (0.5 g yeast extract, 0.5 g proteose peptone, 0.5 g casamino acids, 0.5 g dextrose, 0.5 g soluble starch and 0.3 g sodium pyruvate in 1 l water including 75 % filtered seawater and 25 % distilled water [16] ). After 8-12 days of cultivation at 10 C, the turbid wells (OD 600 >0.1) were chosen for bacterial purification on marine R2A agar plates. Strain HRA130-1 T , which formed non-transparent, circular (1 mm in diameter), convex colonies with entire margins on R2A after culturing at 28 C for 3 days, was isolated by successive streaking three times on marine T was cultured at 10 C for 3 weeks.
For 16S rRNA gene sequencing, the genomic DNA of strain HRA130-1 T was extracted and purified using standard methods [17] . The 16S rRNA gene was amplified by PCR with two universal primers (B8F: 5¢-AGAGTTT-GATCCTGGCTCAG-3¢ and B1510R: 5¢-GGTTACCTTGT-TACGACTT-3¢) [18] . The PCR product was purified using a TIANgel Midi Purification kit (TIANGEN Biotech), ligated into the pUCm-T vector (TaKaRa) and sequenced at BGI (Qingdao, China). Pairwise similarity values between strain HRA130-1 T and closely related type strains were calculated using the EzTaxon-e server (http://www.ezbiocloud. net/ [19] ). The 16S rRNA gene sequences of related strains were downloaded from the GenBank database and aligned using the CLUSTAL X program [20] . Phylogenetic trees based on the neighbour-joining (Fig. 1) , maximum-likelihood and maximum-parsimony algorithms were reconstructed using MEGA software package version 5.0 [21] . The genetic distance matrices were estimated by Kimura's two-parameter model [22] . In each case, bootstrap values were calculated, based on 1000 replicates. Polaribacter porphyrae LNM-20 T (AB695286)
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Crocinitomix catalasitica to Polaribacter filamentus KCTC 23135 T (type species). The phylogenetic trees reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony methods showed that strain HRA130-1 T was most closely related to P. huanghezhanensis KCTC 32516
T by forming a tight phylogenetic cluster with it ( Fig. 1) . However, the relatively low level of 16S rRNA gene sequence similarity to type strains of recognized species of the genus Polaribacter implied that strain HRA130-1 T may represent a novel species [23] .
Gram-staining and flagellum staining were investigated by using standard methods [24] . Cell morphology was determined by transmission electron microscopy (JEM-1200EX; JEOL) after cells had been negatively stained with 1 % (w/v) phosphotungstic acid. The presence of gliding motility and the production of flexirubin-type pigments were investigated using previously described methods [25] . To test for anaerobic growth, bacterial strains were cultured on MA with resazurin (0.02 %, w/v) as an indicator of anaerobic conditions, in an anaerobic jar filled with nitrogen and a packet of AneroPack-Anaero (Mitsubishi Gas Chemical Co.) at 28 C for 1 month. The growth temperature range was determined on MA by incubating cultures at 10-47 C (10, 16, 20, 24, 28, 32, 37, 42 and 47 C) for 5 days, and at 0 and 4 C on MA for 30 days. In the salinity experiment, distilled water was used to prepare synthetic marine ZoBell broth (5 g peptone, 1 g yeast extract and 0.01 g FePO 4 in 1 litre distilled water). NaCl concentrations were adjusted to 0, 0.5 and 1-15 % (w/v, at intervals of 1 %). Salinity and pH ranges for growth were investigated in test tubes with incubation for 5 days. The pH range for growth from pH 5.0 to pH 11.0 at intervals of 1.0 pH unit was determined in MB using the following buffer systems: MES (for pH 5.0-6.0), MOPS (pH 7.0), Tricine (pH 8.0), TAPS (pH 9.0), CAPS (pH 10.0) and Na 2 CO 3 /NaHCO 3 (pH 11.0). Various phenotypic characterizations including catalase and oxidase activities and hydrolysis of starch, CM-cellulose, alginate, casein, gelatin and Tweens 20, 40 and 80 were tested on strain HRA130-1 T and the reference strains according to standard approaches [26] except that filter-sterilized seawater was substituted for distilled water. DNase activity was examined by using DNase agar (Qingdao Hope Bio-technology) with filter-sterilized seawater according to the manufacturer's instructions. Degradation of chitin was examined on chitin agar made with filter-sterilized seawater [27] . Activities of constitutive enzymes and other physiological properties were determined after growth on MA at 28 C for 2 days by using API 20E, API 20NE, API 50CH and API ZYM strips (bioM erieux) and Biolog GN2 MicroPlates according to the manufacturers' instructions, except that the strips were inoculated with filter-sterilized seawater [28] . Phenotypic characteristics of strain HRA130-1 T are shown in Table 1 , Fig. S1 (available in the online Supplementary Material) and the species description.
For cellular fatty acid analysis, cells of strain HRA130-1 T and P. huanghezhanensis KCTC 32516 T were obtained from MA plates incubated at 28 C until they reached the late-exponential stage of growth, and cells of P. filamentus KCTC 23135 T were obtained from MA plates incubated at 4 C according to the four quadrants streak method [29] . Fatty acids from whole cells were T . All data of the two reference strains are from the present study except cell size, Biolog GN2 results and DNA G+C content, which are from the original references [1, 12] . +, Positive; À, negative; W, weakly positive. All strains are positive for growth with 1-5 % NaCl. All strains are negative for Gram-staining, hydrolysis of chitin, alginate, CM-cellulose and DNA, nitrate reduction, indole production and utilization of L-leucine. saponified, methylated and extracted according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.10) [29] and identified using the TSBA 6.0 database of the Microbial Identification System [29] with a gas chromatograph (6890 N; Agilent). The cellular fatty acid profiles of strain HRA130-1 T and the two reference strains are given in Table 2 . The dominant fatty acid (>10 % of the total) of strain HRA130-1 T was iso-C 15 : 0 (25.7 %). The overall fatty acid profile of strain HRA130-1 T was similar to that of the reference strains although there were some differences in the respective proportions of some components. For example, strain HRA130-1 T contained less iso-C 15 : 1 G and iso-C 15 : 0 3-OH than P. huanghezhanensis KCTC 32516 T and P. filamentus KCTC 23135
T .
For respiratory quinone and polar lipid analyses, cells were obtained by centrifugation after incubating at 28 C in MB with shaking for 4-5 days. Freeze-dried respiratory quinones were extracted with chloroform/methanol (2 : 1, v/v), separated by TLC and identified by HPLC. Strain HRA130-1 T contained menaquinone-6 (MK-6) as the predominant respiratory quinone, as is the case with other members of the genus Polaribacter.
Polar lipids were extracted according to previously described procedures [30] , and separated by two-dimensional TLC on silica gel 60 F 254 plates (Merck) using chloroform/methanol/water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension [31] . The identification of individual lipids was performed by spraying with appropriate detection reagents [32] . The polar lipid profile of strain HRA130-1 T comprised phosphatidylethanolamine (PE), phosphatidylglycerol, one unidentified phospholipid and one unidentified aminolipid (AL). Most polar lipids were identical to those of P. huanghezhanensis KCTC 32516
T and P. filamentus KCTC 23135 T , such as PE and AL (Fig. S2) . However, unidentified aminophospholipids were not detected in strain HRA130-1 T compared with P. huanghezhanensis KCTC 32516
T and phosphatidylmonomethylethanolamine was not detected in this strain compared with P. filamentus KCTC 23135
T . PE, AL, and an unidentified lipid have been found to be prevalent in other members of the genus Polaribacter [10, 12] .
DNA was extracted according to the procedure of Moore et al. [33] and the G+C content was determined by reversed-phase HPLC according to Mesbah and Whitman [34] . The DNA G+C content of strain HRA130-1 T was 35.9 mol%, which was in the range of the genus Polaribacter (28.6-36.4 mol%) [12, 13] .
The major characteristics of strain HRA130-1 T , including cell morphology, negative results for hydrolysis of chitin, alginate, cellulose, casein and DNA, the predominant respiratory quinone, the predominant cellular fatty acids (>10 %) and DNA G+C content are significantly consistent with the type species of the genus Polaribacter. In addition, the phylogenetic analysis based on 16S rRNA gene sequences showed that strain HRA130-1 T formed a distinct cluster with P. huanghezhanensis KCTC 32516
T . All the above characteristics demonstrated that strain HRA130-1 T belonged to the genus Polaribacter. However, relatively low levels of 16S rRNA gene sequence similarity to P. filamentus KCTC 23135
T implied that strain HRA130-1 T represented a novel species of the genus Polaribacter. Furthermore, some unique features distinguish strain HRA130-1
T from other recognized species of the genus, including catalase and oxidase activity, the temperature ranges that support growth, constitutive enzyme activities (Table 1) , the proportion of some fatty acids (Table 2 ) and the profile of polar lipids (Fig. S2) . On the basis of phenotypic characteristics and phylogenetic inferences, strain HRA130-1 T is considered to *Summed features represent groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain-lengths (ECLs) as well as those where the ECLs are not reported separately [35] . Summed feature 3 contained C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; summed feature 1 contained iso-C 15 : 0 H and/or C 13 : 0 3-OH.
represent a novel species of the genus Polaribacter, for which the name Polaribacter pacificus sp. nov. is proposed.
DESCRIPTION OF POLARIBACTER PACIFICUS SP. NOV.
Polaribacter pacificus (pa.ci¢fi.cus. L. masc. adj. pacificus peaceful; pertaining to the Pacific Ocean).
Cells are Gram-stain-negative, facultatively-aerobic, nongliding rods (1-2 µm in length and 0.3-0.5 µm in width after culturing on MA for 24 h at 28 C) without any flagellum. Colonies are non-transparent, yellow, circular (1 mm in diameter) and convex on MA after 3 days at 28 C. Growth occurs at 4-32 C (optimum 16 C). The salinity range for growth is 1-5 % (w/v) NaCl (optimum 4 %) and the pH range is 6.0-8.0 (optimum pH 7.0). Flexirubin-type pigments are not formed. Oxidase activity is present, but catalase activity is absent. Gelatin, and Tweens 20, 40 and 80 can be degraded. DNA, casein, starch, CM-cellulose, alginate and chitin are not hydrolysed. In the API 20E strips, positive results are obtained for b-galactosidase, acetoin and gelatinase production, and fermentation of D-glucose and Larabinose. In the API 20NE strips, positive results are obtained for urease production, and assimilation of maltose and malic acid; negative results are obtained for other characteristics tested. In the API 50CH strips, acid is produced from methyl b,D-xylopyranoside, D-fructose, D-mannose, Lrhamnose, D-sorbitol, salicin, cellobiose, maltose, lactose, Dfucose, L-fucose, D-arabitol, L-arabitol and potassium 5-ketogluconate, but not from other substrates. In the API ZYM strips, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present. There are positive reactions in the Biolog GN2 MicroPlate system for a-cyclodextrin, glycogen, Tween 80, adonitol, L-fucose, N-acetyl-D-glucosamine, methyl b-D-glucoside, pyruvic acid methyl ester, succinic acid monomethyl ester, cellobiose, Dfructose, formic acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, malonic acid, propionic acid, succinic acid, succinamic acid, L-alanine, L-alanyl glycine, L-glutamic acid, glycyl L-aspartic acid, glycyl Lbromosuccinic glutamic acid, hydroxy L-proline, L-ornithine, L-proline, L-threonine, uridine, 2,3-butanediol and glycerol. The dominant fatty acid is iso-C 15 : 0 . The predominant respiratory quinone is MK-6. The major polar lipids are PE, phosphatidylglycerol, one unidentified phospholipid and an unidentified aminolipid.
The type strain, HRA130-1 T (=KCTC 52370  T =MCCC  1K03199 T =JCM 31460 T =CGMCC 1.15763 T ), was isolated from a deep-sea polymetallic nodule from the Pacific Clarion-Clipperton Fracture Zone (CCFZ). The DNA G+C content of the type strain is 35.9 mol%. 
